and marked hypercholesterolemia was noted. The artery studied was then subjected to injury and at a later time was treated with either angioplasty or stent. In the rabbit studies of Gimple et al, heparin did not appear to affect the intimal thickening after angioplasty, whereas in the studies of Buchwald et al, which used a minipig model of healing after placement of a stent, heparin had a marked impact.
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There are a number of important differences in these two sets of experiments. For example, cholesterol-fed rabbits developed a level of hypercholesterolemia 20-to 25-fold above control levels (in the range of 1,000-1,500 mg%), whereas in the pigs, the cholesterol levels were much lower (300 mg%). Even though the rabbits were taken off the diet at the time of angioplasty, a high blood level of cholesterol was nevertheless sustained over the period of study. These differences in cholesterol levels might then be reflected in changes in the composition of the injury-induced lesion. The rabbit lesion might contain substantially more foam cells and fewer smooth muscle cells than the pig injury-induced lesion. It is of note that injury of normal rat carotid arteries produces an intimal thickening that is made up almost entirely of smooth muscle cells.7 If heparin were to have little or no impact on the accumulation of macrophages and lipid, then the differences might simply be related to the degree of hypercholesterolemia. There are many other differences of importance. The test vascular bed (rabbit femoral artery versus pig coronary artery), the local stimulus to produce fibrous plaque (air injury in the rabbit versus balloon injury in the pig), the type of treatment (angioplasty in the rabbit versus stent in the pig), and the type of heparin and protocol for delivery could be of great importance. We have noted, for example, that continuous intravenous heparin administration is the most effective way to inhibit intimal thickening after injury in rat carotid artery; intermittent injection of heparin is less effective and sometimes leads to thrombosis (AW Clowes, MM Clowes, unpublished results). Furthermore, the targeted vascular bed and the animal itself may alter the response to heparin. Using similar protocols in rats and rabbits, we have observed that intimal thickening in injured carotid arteries can be suppressed by heparin in both animals but less so in the rabbit; in the rabbit, healing vein grafts showed little or no response to heparin, whereas contralateral injured arteries showed diminished intimal thickening.8 Hence, it is possible that a combination of lack of responsiveness and an overwhelming stimulus including a high blood level of cholesterol in the rabbit yielded a recurrent lesion it should be possible to define features in common that will lead to the design of sensible clinical trials of heparin in patients undergoing coronary angioplasty.
